Environmental stresses adversely affect plant growth and development. A common theme within these adverse conditions is the perturbation of reactive oxygen species (ROS) homeostasis. Here, we demonstrate that the ROS-inducible Arabidopsis thaliana WRKY15 transcription factor (AtWRKY15) modulates plant growth and salt/osmotic stress responses. By transcriptome profiling, a divergent stress response was identified in transgenic WRKY15-overexpressing plants that linked a stimulated endoplasmic reticulum-to-nucleus communication to a disrupted mitochondrial stress response under salt-stress conditions. We show that mitochondrial calcium-flux sensing might be important for regulating an active mitochondrial retrograde signaling and launching an appropriate defense response to confer salt-stress tolerance.
Environmental stresses adversely affect plant growth and development. A common theme within these adverse conditions is the perturbation of reactive oxygen species (ROS) homeostasis. Here, we demonstrate that the ROS-inducible Arabidopsis thaliana WRKY15 transcription factor (AtWRKY15) modulates plant growth and salt/osmotic stress responses. By transcriptome profiling, a divergent stress response was identified in transgenic WRKY15-overexpressing plants that linked a stimulated endoplasmic reticulum-to-nucleus communication to a disrupted mitochondrial stress response under salt-stress conditions. We show that mitochondrial calcium-flux sensing might be important for regulating an active mitochondrial retrograde signaling and launching an appropriate defense response to confer salt-stress tolerance.
abiotic stress signaling | cell expansion | microarray | hydrogen peroxide A biotic stresses limit plant performance and productivity. Although signaling mechanisms and metabolic responses may differ, most types of abiotic stresses affect the cellular redox homeostasis and result in an enhanced accumulation of reactive oxygen species (ROS) (1) . ROS accumulation had long been considered a toxic event. Stress-induced ROS accumulation is, however, not necessarily a symptom of cellular dysfunction but also is a signal to adjust cellular machineries to changing environmental and developmental conditions (2) (3) (4) (5) (6) . Plants constantly adjust ROS levels by a diversified network of production and scavenging mechanisms (7, 8) . Gene-expression studies of mutants lacking ROS-scavenging enzymes have demonstrated that ROS signals and abiotic stresses share substantial similarities in gene regulation (9, 10) . In support, several regulatory proteins of ROS-mediated signaling are also central regulators of abiotic stress responses involved in temperature, salinity, and osmotic stresses (2, 3, 11) .
In addition to their effects on the cellular redox state, abiotic stresses can also perturb the functioning of organelles, such as mitochondria and chloroplasts that, in turn, activate feedback mechanisms by which the nuclear gene expression is modified to sustain and/or restore the organellar functions. These organelle-to-nucleus signaling events are often termed retrograde regulation (12) (13) (14) . Whereas significant progress has been made toward the understanding of chloroplast retrograde signaling (15, 16) , less is known about mitochondria-to-nucleus signaling in plants (12, 14) . Mitochondrial retrograde regulation (MRR) in plants has been studied primarily in mitochondrial mutants, such as the cytoplasmic male sterility II in tobacco and prohibitin3 in Arabidopsis, and as a response to disruption of the mitochondrial function by chemical inhibitors, demonstrating a role for mitochondria in sensing stress and directing the cellular response into recovery or cell death (14, (17) (18) (19) (20) . Although evidence is emerging for the convergence of mitochondrial retrograde signals and abiotic stress pathways (20) (21) (22) (23) , the molecular crosstalk mechanisms and upstream regulators of the MRR signaling cascade in plants remain largely unknown. Recently, a role was proposed for ABSCISIC ACID INSENSITIVE4 (ABI4), an APETALA2-type transcription factor, in mediating mitochondrial signals to regulate the expression of ALTERNA-TIVE OXIDASE1a (AOX1a) (24) . Because ABI4 is also a regulator of plastid retrograde signaling to repress photosynthetic gene expression (13, 16) and of ABSCISIC ACID (ABA) signaling (25) , it might act as a molecular interface between retrograde and anterograde regulatory signals.
Here, we show that the hydrogen peroxide (H 2 O 2 )-responsive transcription factor WRKY15 functions as a negative regulator of salt-and osmotic-stress tolerance in Arabidopsis thaliana. Molecular phenotyping of WRKY15-overexpressing plants under salt stress revealed a pivotal role for MRR in mediating saltstress tolerance. Furthermore, our results indicate that mitochondrial calcium-flux sensing is important for the activation of the mitochondrial stress response.
Results and Discussion WRKY15 Is Induced by Oxidative and Salt Stresses. The group IId WRKY15 transcription factor is an early H 2 O 2 -responsive gene (At2g23320) (9, 26, 27) . Gene-expression analysis using Genevestigator revealed that, besides H 2 O 2 treatments, low CO 2 availability, and pathogen infections, WRKY15 expression was also induced by salt stress (28) . Salt-and oxidative-stress responsiveness of the WRKY15 transcript was confirmed by quantitative RT-PCR analysis ( Fig. S1 A and B) . The WRKY15 protein is predominantly located in the nucleus (29) . To determine spatial and developmental expression patterns of WRKY15 in Arabidopsis, the WRKY15 promoter:β-glucuronidase (GUS) reporter gene fusion constructs were examined. In 3-d-old seedlings, GUS staining was primarily strong in the hypocotyl-to-root transition zone and in the root tip (Fig. S1C) . In 9-d-old and mature seedlings, WRKY15 was expressed in the shoot apical meristem, trichomes, and trichome socket cells of young leaves (Fig. S1 D-G) . In mature seedlings, GUS staining was also observed in the outer epidermal cell layer of leaf petioles (Fig. S1E) . In roots, the WRKY15 promoter activity was detected mainly in the vascular cylinder, at lateral root initials, and in the root tip (Fig. S1 H-M) . Thus, the WRKY15 gene is expressed mainly in young, growing, and vascular tissues.
WRKY15 Overexpression Promotes Leaf Growth and Plant-Biomass
Production Through a Stimulated Cell-Expansion Rate. We generated transgenic plants that constitutively and ectopically expressed WRKY15 under control of the cauliflower mosaic virus 35S promoter in both a Columbia-4 wild-type (Col4WT) and a catalasedeficient background (CAT2HP1) in which WRKY15 was originally identified as an H 2 O 2 -responsive gene (9, 26, 30) . Three independent WRKY15 overexpression (designated WRKY15 OE ) lines with high transgene expression were selected for further analysis (Fig. 1A) . Although similar in germination rates and early development as control plants, fully grown WRKY15 OE plants exhibited an increased leaf area ( Fig. 1 B and C) , resulting in a 15-25% increased plant biomass (Fig. 1D) . Because the final leaf size is determined by cell-division and cellexpansion rates, we assessed the cell numbers and cell size of abaxial epidermis cells in 21-d-old plants. In WRKY15 OE plants, cell numbers did not change, but the average cell size increased (Fig.  1E) , indicative of increased cell expansion. A common mechanism by which plants control cell size is the repeated replication of their DNA, resulting in cellular polyploidy, a process termed endoreduplication (31, 32) . DNA ploidy-level analysis revealed that the number of cells with an 8C and 16C content was significantly higher in WRKY15
OE plants than that of control plants (Fig. 1F) . Moreover, from day 11 on, WRKY15
OE plants displayed an increased endoreduplication index, which correlates with the mean nuclear 
Error bars show SEM (n = 6). *P < 0.05; **P < 0.005; ***P < 0.0001 (Student t test).
DNA content per cell (33) , indicating that endoreduplication was stimulated (Fig. 1G) . Taken together, in WRKY15 OE and WT plants, the transition from the mitotic cycle to the endocycle is equivalent, as evidenced by a similar cell number, but in WRKY15 OE plants, endoreduplication is intensified, correlating with the increased cell size.
Because no true loss-of-function T-DNA insertion mutants are available, transgenic plants containing artificial microRNA (amiR) constructs targeting WRKY15 were generated (34) . These WRKY15-amiR plants showed a strong reduction in WRKY15 levels (below 20% of WT levels), were smaller than WT plants, and displayed a decreased average leaf cell area (Fig. S2 A and B) . High WRKY15 transcript abundance in young and growing tissues (Fig.  S1) , together with the altered cell expansion upon WRKY15 perturbation (see Fig. 1 E-G for WRKY15 OE plants and Fig. S2 A and B for WRKY15-amiR plants), support its involvement in plant growth and possibly endoreduplication, either directly or indirectly as a result of enhanced growth processes of which the relative contribution is not known.
Elevated WRKY15 Expression Increases Sensitivity to Osmotic and Oxidative Stresses. Transgenic Arabidopsis plants with perturbed WRKY15 expression were assessed for altered phenotypes when exposed to abiotic stress conditions. For oxidative stress, we used a bioassay in which photorespiration is induced by restricting gas exchange within Petri plates. Chlorophyll fluorescence was measured and the maximum quantum efficiency of photosystem (PS)II (F v /F m ) was determined, which is an effective measure of plant stress (35) . In CAT2HP1-WRKY15 plants, the decrease in F v /F m was stronger than in control CAT2HP1 plants, hinting at an increased sensitivity to oxidative stress ( Fig. 2A) . In the Col4WT background, the catalase activity inhibitor 3-aminotriazole (3-AT) was used to impose H 2 O 2 stress and mimic catalase deficiency. Again, WRKY15
OE plants were more susceptible to oxidative stress (Fig. 2B ). WRKY15-amiR plants did not perform differently from WT plants when subjected to oxidative stress (Fig. S2C) .
To examine salt-stress responses, control, WRKY15
OE
, and WRKY15-amiR plants were germinated and grown on medium containing increased salt concentrations. On 100 mM NaCl, control plants could still grow and remained green, whereas the growth of WRKY15 OE plants was inhibited and chlorosis was initiated (Fig.  2C ). The hypersensitivity of WRKY15 OE plants toward salt stress was similar in both Col4WT and CAT2HP1 backgrounds ( Fig. 2C ) and was salt dose-dependent (Fig. 2D) . The rosette area of WRKY15-amiR plants grown on 100 mM NaCl was 10-15% reduced compared with WT plants (Fig. S2 D and E), but this growth reduction was of similar magnitude as observed in the absence of stress, indicating that there was no additive effect of the salt treatment.
To assess whether overexpression of WRKY15 also altered the responsiveness to osmotic stresses, plants were germinated and grown in the presence of 25 mM mannitol, 100 mM D-sorbitol, or 75 mM NaCl. On salt or sorbitol, again the rosette area of WRKY15 OE plants was significantly reduced, whereas mannitol stress only affected growth in the strongest overexpression line (WRKY15-9H) (Fig. 2E) .
To determine the effect of salt-stress sensitivity at the cellular level, we examined the first leaf pairs of 2-wk-old WRKY15 OE plants grown under control and salt-stress conditions (50 mM NaCl) by transmission-electron microscopy. This mild salt stress already initiated cellular degeneration in WKRY15 OE leaves, as evidenced by the presence of deteriorated cells and large intercellular spaces (Fig. S3 A-D OE seedlings grown in the absence and presence of 50 mM NaCl was hybridized to Affymetrix GeneChip Arabidopsis Tiling 1.0R arrays. A twofactor ANOVA revealed 598 up-regulated and 750 down-regulated transcripts in WRKY15 OE plants, independently from saltstress treatment (Table S1 ). Among the up-regulated transcripts, genes involved in the endoplasmic reticulum (ER) stress response were significantly enriched (36) (37) (38) (Fig. S4A and Tables S1 and  S2 ). This response, also known as the unfolded protein response (UPR), is an evolutionarily conserved transcriptional response that is triggered by the accumulation of unfolded or misfolded proteins in the ER lumen and is essential to maintain ER homeostasis (37). The UPR triggers (i) enhancement of protein- OE plants grown under control conditions (control), 25 mM mannitol, 100 mM sorbitol, and 75 mM NaCl (salt) stress. For each experiment, 80 plants per line and condition were used. The line represents the median; the lower and upper boundaries, the 25th and 75th percentiles; and the whiskers, the 10th and 90th percentiles. The outlying points are shown to the 5th/95th percentiles. *P < 0.05; **P < 0.01; ***P < 0.0005 (Student t test).
folding activities by induction of ER-resident molecular chaperones, foldases, and high-capacity Ca 2+ -binding proteins; (ii) increase in protein degradation capacity to remove improperly folded proteins; and (iii) in mammals, also attenuation of translation to limit the entry of nascent polypeptides when conditions are unsuitable for proper folding (36, 39, 40) . Besides the induction of core UPR genes (37) (Fig. S4B) , WRKY15 overexpression also significantly repressed transcript levels of proteins involved in protein synthesis (Fig. S4A and Tables S1 and S2), indicative of a complete ER stress response in WRKY15 OE plants. Growth on more severe salt-stress conditions intensified the induction of core UPR genes in WRKY15 OE plants (Fig. S3 C and  D) , which correlated with their increased salt-stress-sensitivity phenotype (Fig. 2D) . Integration of salt-adaptation responses and ER stress signaling was observed before in mutants defective in protein N-glycosylation (41, 42) . Dissimilar to WRKY15 OE plants, salt-/osmotic-stress sensitivity in these mutants was associated with root-tip swelling and enhanced lateral-root development that resulted from a constitutive UPR activation caused by the reduced protein N-glycosylation levels (41, 42) . Affinodetection of highmannose-type N-glucan-containing glycoproteins in WRKY15 OE plants identified an altered protein N-glycosylation pattern only in salt-stressed WRKY15 OE plants (Fig. S4E ), whereas they constitutively induced the UPR already without stress. These observations, together with the distinct shoot-sensitivity phenotype of WRKY15 OE plants compared with N-glycosylation mutants, suggest that divergent processes might operate in salt-stress adaptation. To assess the impact of drug-induced ER stress, plants were grown on tunicamycin, an ER-stress-inducing drug that inhibits protein N-glycosylation and disulfide bonding. In WRKY15 OE plants, the rosette area was 20-40% reduced compared with WT plants (Fig. S4F) , indicating an increased sensitivity toward drugimposed ER stress.
For 497 transcripts, the expression was significantly affected by the combination of salt stress and WRKY15 overexpression, among which, 363 transcripts were induced by salt stress in WT plants but impaired in WRKY15 OE plants (Table S3 ). More than half of these 363 genes had a predicted mitochondrial localization (43) and included genes of the so-called mitochondrial dysfunction regulon (MDR) (18/29; P = 5.81 × e −28 ; Fisher's exact test) that were differentially regulated in response to mitochondrial dysfunction and environmental stress (20, 22) . MDR genes are highly coregulated with AOX1a and might be part of the mitochondria-to-nucleus retrograde signaling pathway or MRR (14, 20) (Fig. S5A) .
Integration of Calcium-Mediated Signaling, MDR Expression, and Stress Tolerance. Because the salt-stress-sensitive phenotype of WRKY15 OE plants coincided with UPR activation and an impaired mitochondrial stress response, the question arises of how these two distinct organelle-to-nucleus signaling pathways are interconnected with the salt-stress sensitivity. Besides N-glycosylation, disulfide bonding, and protein assembly, the ER also contributes to the intracellular Ca 2+ homeostasis. Both the regulated release and leakage of Ca 2+ from the ER Ca 2+ stores are controlled by the sarco-/endoplasmic reticulum Ca 2+ ATPase (SERCA) that maintains the internal Ca 2+ storage (44) . In mammalian cells, a tight communication exists between the ER and mitochondria with Ca 2+ as the potential mediator signal (45, 46) . By analogy, a significant enrichment for Ca 2+ -induced genes was found among the WRKY15-regulated genes (47) (Fig. S5B and Tables S1 and S3). To assess the involvement of Ca 2+ -mediated interorganellar signaling in WRKY15 OE plants, we evaluated the effect of cyclopiazonic acid (CPA) (which is a specific SERCA inhibitor and, thereby, increases the cytosolic Ca 2+ concentration) (48) on MDR gene expression. During salt stress, CPA clearly intensified the MDR gene expression in WT plants (see Fig. 3A for AOX1a and Fig.  S5C for three additional MDR genes), indicating that increased cytosolic Ca 2+ concentrations promoted MDR. Furthermore, CPA alleviated significantly the salt-stress-induced growth reduction (Fig. 3B ), indicative for a potential link between Ca
2+
-mediated MDR activation and salt-stress tolerance. In contrast, in WRKY15 OE plants, CPA only mildly enhanced MDR gene expression and growth performance under salt stress, suggesting that the potential increase in cytosolic Ca 2+ provoked by CPA addition was not sufficient to overcome the WRKY15-dependent inhibitory effect on MDR gene expression (Fig. 3 A and B and Fig. S5C ). To assess whether mitochondrial Ca 2+ -flux sensing was deregulated in WRKY15 OE plants, we determined the effect of ruthenium red (RR) on the salt-stress-induced MDR gene expression. RR abolishes the uptake of cytosolic Ca 2+ by mitochondria through inhibition of the Ca 2+ uniporter channel located in the inner mitochondrial membrane (49) . During salt stress, RR reduced MDR gene expression in WT plants to levels similar to those in salttreated WRKY15 OE plants (see Fig. 3C for AOX1a and Fig. S5D for three additional MDR genes) and mimicked the stress-sensitivity phenotype of WRKY15 OE plants (Fig. 3D) . These results indicate that mitochondrial Ca 2+ -flux sensing might be necessary to launch a salt-stress response, involving MDR gene expression. Whether this cascade of events is solely necessary for a proficient defense response enabling plants to withstand moderate salt-stress conditions remains to be elucidated.
Because the ER acts as a dynamic Ca 2+ reservoir and UPR proteins are important in regulating the activity of the SERCA pump (44, 50) (Fig. 4) .
Is WRKY15 a Transcriptional Regulator of MRR? The failure to activate MDR gene expression during salt stress in WRKY15 OE plants suggests that WRKY15 might function as a repressor of MRR. Substantial evidence indicates that many genes are repressed by WRKY transcription factors bound to their promoters (52) , and particular insights into repressor functions of WRKY proteins were obtained with PcWRKY1, OsWRKY71, and HvWRKY1 and HvWRKY2 (53, 54) . In addition, chromatin immunoprecipitation studies revealed that W-box sequences in the promoters of pathogen-defense genes are constitutively occupied by WRKY transcription factors, even in the absence of pathogen infection or elicitor treatment (55) . Upon a specific stimulus, allosteric interactions might cause the release of WRKY factors from their cognate W-box elements and its possible replacement by other WRKY proteins. Therefore, WRKY proteins are thought to act in a network of mutually competing participants with temporal displacement by other WRKY family members in a stimulus-dependent manner (53, 55) . Interestingly, active repression of basal expression has already been reported for AOX1a, which is widely used as a model to study MRR (14, 19, 56) . In a deletion study of the AOX1a promoter, a strong repressor element had been identified that relieves the repression of AOX1a upon stress application (57) . Furthermore, three W-box motifs were found within the AOX1a promoter region, of which one is located within the 93-bp MRR region that is important for full AOX1a induction upon treatment with antimycin A (AA) or monofluoroacetate (MFA) that chemically perturb mitochondrial function (18) . A mutant lacking this Wbox motif (mut1) had a strongly reduced response to AA and MFA, suggesting a potential role for WRKY proteins in the regulation of AOX1a gene expression (18) . Besides in AOX1a, W-box motifs were significantly overrepresented in the promoters of WRKY15-repressed genes (Tables S1 and S3 ). Therefore, it is possible that, in the absence of stress, MDR gene expression is repressed by WRKY15, which is either (i) inactive and constitutively occupies the W boxes or (ii) actively represses the basal gene expression. Upon salt stress, the WRKY15 activity might be modified, thereby derepressing or activating MDR gene expression.
A possible mechanism by which WRKY15 might regulate gene expression is through an interaction with CaM. Ca 2+ /CaM-mediated transcriptional regulation has been reported for several transcription factors, modulating both their DNA-binding ability and transcriptional activity (58 Stress Treatments. For the photorespiration-promoting conditions, plants were grown on MS agar medium for 2.5 wk. Then, the plates were transferred to a continuous light regime after replacing the surgical tape (Micropore; 3M) that sealed the plates by two layers of Parafilm M (Alcan) to restrict gas exchange. Treatments were done in the presence or absence of the catalase inhibitor 3-AT (3 μM). The maximum efficiency of the PSII photochemistry (F v / F m ) was determined using a PAM-2000 chlorophyll fluorometer and ImagingWin software application (Walz). For salt stress, plants were germinated and grown on MS agar medium containing 50, 75, or 100 mM NaCl. For mannitol and sorbitol stress, the MS agar medium was supplemented with 25 mM mannitol or 100 mM D-sorbitol, respectively.
Site-Directed Mutagenesis of the WRKY15 CaM-Binding Domain. The two hydrophobic amino acids, F 79 and L 86 , important in CaM binding of WRKY15 (59) were substituted with Arg (denoted as F 79 R and L 86 R) with the GeneTailor Site-Directed Mutagenesis System (Invitrogen). For primer sequences, see Table S4 . Generation of transgenic plants overexpressing the WRKY15-F 79 RL 86 R ORF was as described for overexpression plants.
Microarray Analysis. Triplicate batches of shoot material of 20 Col4WT and WRKY15-9.6 plants (growth stage 1.05) (60) germinated and grown on halfstrength MS agar medium supplemented with 0 or 50 mM NaCl were harvested for total RNA isolation. Details on RNA preparation, microarray hybridization, data processing, and statistical analysis are provided in SI Materials and Methods. The microarray data are available at the GEO database, www.ncbi.nlm.nih.gov/geo (accession no. GSE20494). 2+ concentrations and possible sensing by the mitochondria that subsequently activate a retrograde signaling cascade to launch a defense response, rendering the plants tolerant to salt stress. Application of CPA, which increases cytosolic Ca 2+ levels, promotes this mitochondrial response, whereas addition of RR, which blocks mitochondrial Ca 2+ uptake, impairs mitochondrial retrograde signaling and stress tolerance. (B) In the absence of stress, WRKY15 overexpression promotes growth, but also the transcriptional activation of an UPR that is intensified under salt stress. Constitutive induction of the UPR might possibly disturb the cellular Ca 2+ homeostasis, presumably leading to mitochondrial desensitization. Upon salt stress, signal-induced Ca 2+ fluxes might not be sensed and no retrograde signaling cascade might be activated to trigger the appropriate defense response causing the salt-stress hypersensitivity. Whether this cascade of events is solely responsible for a proficient defense response enabling plants to withstand moderate salt-stress conditions remains to be elucidated.
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Quantitative RT-PCR Analysis. RNA isolation, cDNA synthesis, and quantitative RT-PCR analyses were performed as described (61) using SYBR Green (Invitrogen) and gene-specific primers (Table S4) . Actin-related protein 7 (deregulated in only 7 of the 1,685 conditions in Genevestigator) (28) was used for the normalization of relative transcript levels.
Microscopy and Flow-Cytometric Analyses. Size and number of abaxial pavement cells in leaves and the nuclear DNA content distribution were determined as described (26) . For the oxidative stress-induction experiment, control and catalase-deficient CAT2HP1 plants were grown in soil and subjected to high-light (HL) irradiation as described (1) . Middle-aged leaves were harvested after 0, 20, and 40 min and 2, 3, and 8 h of HL exposure. For the salt stress-induction experiment, Col0WT plants were grown in LifeRaftR (Osmotek) in vitro cultivation systems and treated with 150 mM NaCl as described (2) . Root material was harvested after 0, 3, 6, and 12 h of salt treatment.
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Generation of Transgenic Arabidopsis Plants. For overexpression plants, the full-length ORF of WRKY15 was cloned by recombination into the entry vector pDONR221 (Invitrogen) and the pCaMV35S overexpression vector pK7WG2D (3). The construct was transformed by floral dip (4) To generate amiR plants, WRKY15-specific sequences were identified with the WMD Web MicroRNA Designer (www. weigelworld.org). The miRNA precursors were constructed as described (7), cloned into pK7WG2D, and transformed via floral dip into Col0WT Arabidopsis plants. Homozygous amiR plants of at least two independent events were identified as described for the overexpression lines. The PCR primer sequences used for the construction of transgenic plants are presented in Table S4 .
Microarray Analysis. In three independent experiments, RNA was isolated from shoot material of 20 WT (Col4WT) and WRKY15 OE (WRKY15-9.6) plants (developmental stage 1.05) (8) with TRIzol Reagent (Invitrogen). Concentration and quality of the RNA were determined as described (9) . Each of the different pools of WT and transgenic plants, germinated and grown in absence or presence of 50 mM NaCl, were hybridized to 12 GeneChip Arabidopsis Tiling 1.0R arrays (Affymetrix; www.affymetrix.com). Per hybridization, 7 μg of total RNA was directly reversed-transcribed to doublestranded cDNA in a cDNA reverse-transcription reaction (without amplification) according to the manufacturer's protocol [Whole Transcript (WT) Double-Stranded Target Assay; Affymetrix]. Subsequently, the sample was fragmented and labeled with biotin according to the manufacturer's protocol (WT Double-Stranded DNA Terminal Labeling Kit; Affymetrix). Hybridization and scanning (GeneChip scanner 3000; Affymetrix) were done according to the manufacturer's instructions at the Nucleomics Core Facility (Leuven, Belgium; www.nucleomics.be). Raw data were processed all together with the RMA algorithm (10) using the Tiling 1.0R array chip description file for quantitative mRNA expression analysis (11) and subsequently subjected to a two-factor ANOVA with the MultiExperiment Viewer of TM4 (12) . The P values of the F statistics were corrected for multiple testing to assess the false-discovery rate with the publicly available software QVALUE (http://genomine.org/qvalue) (13), with λ ranging from 0.0 to 0.95 by 0.05. Genes with P values of <0.001 and Q values of ≤0.005, 0.01, and 0.04 for, respectively, treatment, genotype, and interaction significant effects were retained for further analysis.
Promoter-GUS Analysis. The upstream WRKY15 promoter region was amplified by PCR from the Col0WT genomic DNA with primers (Table S4 ) and cloned into pKGWFS7 (3), generating an inframe GFP-GUS fusion. The construct was transformed into the Col0WT plants. Homozygous plants were assayed for GUS staining (14) . Samples were photographed with a stereomicroscope (Stemi SV11; Zeiss) or with a Nomarski differential interference contrast microscope (BX51; Olympus).
Transmission-Electron Microscopy. The first leaf pairs of 14-d-old seedlings grown on MS agar medium in the absence or presence of 50 mM NaCl were used for transmission-electron microscopic analysis as described (15) .
Protein Analysis. Concanavalin A staining was done as described (16) . Error bars show SEM (n = 15-45). *P < 0.05; **P < 0.001; ***P < 0.0001 (Student t test). 
Other Supporting Information Files

